Many animals use antimicrobials to prevent or cure disease [1, 2] . For example, some animals will ingest plants with medicinal properties, both prophylactically to prevent infection and therapeutically to self-medicate when sick. Antimicrobial substances are also used as topical disinfectants, to prevent infection, protect offspring and to sanitise their surroundings [1, 2] . Social insects (ants, bees, wasps and termites) build nests in environments with a high abundance and diversity of pathogenic microorganisms -such as soil and rotting wood -and colonies are often densely crowded, creating conditions that favour disease outbreaks. Consequently, social insects have evolved collective disease defences to protect their colonies from epidemics. These traits can be seen as functionally analogous to the immune system of individual organisms [3, 4] . This 'social immunity' utilises antimicrobials to prevent and eradicate infections, and to keep the brood and nest clean. However, these antimicrobial compounds can be harmful to the insects themselves, and it is unknown how colonies prevent collateral damage when using them. Here, we demonstrate that antimicrobial acids, produced by workers to disinfect the colony, are harmful to the delicate pupal brood stage, but that the pupae are protected from the acids by the presence of a silk cocoon.
Formicine ants produce poison rich in formic and acetic acid -potent antimicrobials also used by humans -from the poison gland at the tip of their abdomen. They use this substance to sanitise pathogencontaminated nestmates and brood ( [5] and references therein), and to kill and disinfect sick brood [6] . Here, we report that invasive garden ants Correspondence (Lasius neglectus) also use their poison prophylactically. When given new nest boxes, we found that the ants regularly treated their surroundings with their acidic poison -including the areas around the brood piles -over a twoday period; we visualised and quantifi ed this behaviour using pH-sensitive paper ( Figure 1A ; likelihood ratio test (LR)- 2 = 9.22, df = 1, P = 0.002; see legend for post-hoc results). Ant brood is hence regularly exposed to poison, resulting in an acidic coating on their bodies [5] .
Although prophylactic sanitation of the nest and brood will limit microbial growth [1, 7] , ants also use their poison defensively as a chemical weapon against predators and other ants. Moreover, ants producing this poison will die from it themselves when exposed to high dosages, so it has the potential to cause self-harm and collateral damage within the colony. Whereas the adults and larvae have relatively robust cuticles, and the eggs a chorion, the pupae may be particularly susceptible to the poison because their cuticles become fragile and thin during metamorphosis. We therefore speculated that the pupae should be protected so that the ants can use their poison without causing harm to the colony. Specifi cally, we tested whether the silk cocoon, spun by larvae before pupation, functions as Figure S1 ). (C) Keeping pupae with acidopore-blocked ants improved nude-pupae survival compared to pupae kept with ants able to spray poison. (D) Spraying pupae with synthetic ant poison (formic and acetic acid) decreased the survival of nude pupae only, whereas the water-sprayed controls were unaffected (which was also true for lower poison dosages; Figure S2 ). Error bars show ± 95% confi dence intervals and letters denote signifi cantly different groups (P < 0.05; Tukey post-hoc test in panels B and D, generalized linear model result in panel C).
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We created 'nude' pupae by removing their cocoons and keeping both nude and cocooned pupae with or without tending workers. Whereas the survival of cocooned and nude pupae was unaffected when kept alone, more than twice as many nude pupae died in the presence of ants than did cocooned pupae ( Figure 1B; interaction between cocoon and worker absence/presence: LR- 2 = 5.29, df = 1, P = 0.02; see legend for post-hoc results). This was despite the fact that workers treated both pupal types equally ( Figure S1 ) and, as shown previously, both receive similar amounts of acid [6] . Hence, the cocoon shields pupae from the activity of the tending ants.
To test whether poison spraying by the ants causes nude pupa mortality, we created functional 'knockout' ants that were unable to spray poison, by gluing the opening of their poison glands shut. Whereas nude pupae kept with ants possessing functional poison glands showed high mortality, nude pupa survival was rescued in the knockout treatment where workers could not apply poison ( Figure 1C ; LR- 2 = 11.02, df = 1, P = 0.0001). Poison spraying by tending workers therefore induces nude pupae mortality.
We speculated that the acids in the poison damage the pupal cuticle and/or has other cytotoxic effects. Indeed, we confi rmed that it is the antimicrobially active, acidic fraction of the poison that was responsible for killing the pupae by applying synthetic ant poison consisting only of formic and acetic acid [5] onto pupae. We found that the poison causes nudepupae mortality in a dose-dependent manner, with some pupae dying at low dosages ( Figure S2 ). The cocoon, however, protected pupae against the acids, even at high dosages ( Figure S2) , with cocooned pupae surviving as well as water-treated controls ( Figure 1D ; interaction between cocoon presence/ absence and water/poison spraying: LR- 2 = 10.23, df = 1, P = 0.001; see legend for post-hoc results).
Combined, our results reveal that ants prophylactically disinfect their colony with a poison lethal to the pupae, but that the latter are protected from its use by their cocoon. This protective effect is likely due to the hydrophobicity of the silk, which prevents the poison from entering the cocoon [6] . Hence, although constructing a cocoon is costly -delaying maturation by several days [8] -it ensures that pupae can survive nest disinfection. Thus far, the function of ant cocoons and their presence in some but not all species has remained largely untested. Interestingly, cocoon spinning is present in many ant subfamilies where acidic poison has evolved [9] and is used as a disinfectant [5, 7] . We therefore hypothesise that poison spraying may be maintaining the need for cocoon spinning in ants that use harmful chemicals to disinfect their colonies, and, in turn, these species may have evolved a more potent poison by having cocoon-spinning brood, compared to species that do not. Curiously, the fungus-growing ants cover their pupae in the mycelia of symbiotic fungi [9] . Since these ants use caustic antimicrobials extensively in their nests to protect their fungal symbionts, but silk spinning is absent, it is possible that such 'makeshift cocoons' protect pupae from chemical disinfection. However, collateral damage may also be prevented through other mechanisms, such as selective poison use, and further comparative work is required to fully understand the factors selecting for cocoon spinning in ants.
In conclusion, garden ants, by possessing protected brood, appear to have overcome the potential harm caused by disinfectants without compromising on their potency. Preventing self-harm whilst guarding against pathogens therefore appears to be a key tenet of disease defence, both at the level of individual immunity to minimise damage to healthy tissue during an immune response, known as immunopathology [10] , and also in the context of social immunity, to protect the colony as a whole without harming its more fragile members. 
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